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We, Kaiser Aluminum & Chemical Cor- 
poration, a corporation organised and exist- 
ing under the laws of the State of Delaware, 
United States of America, having offices at 
300 Lakeside Drive, Oakland, California, 
United States of America, do hereby declare 
the invention, tor which we pray that a patent 
may be granted to us, and the method by 
which it is to be performed, to be par- 
ticularly described in and by the following 
statement: — £ 

This invention relates to a furnace tor 
metallurgical or other high temperature 
operations; and more particularly, to such a 
furnace having a metal shell and a basic 
refractory lining disposed therein, ^ 

A great deal of work has been done in the 
field of production of refractory dolomite 
linings for metallurgical furnaces, but many 
problems have been encountered. For example, 
burned dolomite tends to hydrate readdy, and 
this in turn leads to cracking, -loss of strength, 
and eventually can cause complete disintegra. 
tion of refractory shapes formed therefrom. 
Under the best of conditions in the past, 
dolomite refractories have had short storage 
life because of the hydration characteristic, 
and it has been customary to begin firing or 
use of linings comprising such refractory 
shapes within twenty-four hours safter making, 
in most instances. At most, such shapes even 
when composed of a magnesitic dolomite 
having a high content of magnesium oxide 
have not been successfully stored for longer 
than 5 to 7 days. Therefore, at -has been 
necessary for best operation to make such 
r-fractories at a location close to where they 
will be used, so that there will be relatively 
short lapse of time between making and firing 
in the furnace. On the other hand, magnesite 
cr magnesia refractories, while having excel- 
lent heat resistance and also hydration resis- 
tance greatly superior to that of dolomite, are 
in general more expensive and also less resis- 

\Frice 4s. 6d.] 



tant to fluctuations of temperature and tend 
to spall under such conditions. These charac- 
teristics 'have posed serious problems in the 
construction of ^linings for high temperature 
furnaces, and it is desired to construct fur- 
naces with Hnings which are resistant to 
hydration, resistant to spalling, and which are 
less expensive than the all-magnesia or 
magnesia-chrome linings heretofore known. 
Dolomite h'nings are especially desired in 
some installations^ e.g., steel converters, 
where the (lime content is believed to be 
advantageous and where chromite may be 
undesirable because of the tendency of the 
molten steel to pick up chromium therefrom. 

It is an object of this invention, therefore, 
to provide a hydration-resistant, dolomite- 
containing lining for metallurgical furnaces. 
It is a particular object of this invention to- 
provide an improved furnace for high tem- 
perature operations comprising a metal shell 
and a refractory lining consisting essentially 
of a major portion of coarse grains which are 
either deadbumed dolomite or a mixture of 
deadburned dolomite grains and magnesia 
grains, and a niinor portion of finely divided 
magnesia in which substantially all CaO con- 
tent is in stabilized condition or which mag- 
nesia contains substantially no free or un- 
combined lime, and a small portion of tar or 
coking carbonaceous bonding agent. It is a 
still further object of the invention to provide a 
dolormte-containing refractory lining material 
for use in furnaces which 'has an extended 
storage life; and which is resistant to crumb- 
ling, sw ellin g and other deteriorative mani- 
festations under ordinary storage or shipping 
conditions; and which exhibits such resistance 
for an extended time. 

According to the present invention, a 
furnace for operation at higt temperatures 
comprises a metal shell having disposed 
therein a basic refractory lining consisting 
essentially of an intimate mixture of a major 
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portion of non-acid grains of particle size 
retained on 35 mesh, at least a major part of 
the non-acid portion being fired dolomite 
grams, and a minor portion of magnesia 
5 passing 35 mesh, and a small amount of a 
non-aqueous, cokable, carbonaceous bonding 
agent. ° 

J^e-bonding agent is preferably tar. The 

refractory or mineral components, e.g., the 
JU dolomite and magnesia, are mixed together, 
and are admixed with the tar, both the 
mineral components and the tar preferably 
being heated prior to mixing. 
The dolomite useful in this invention is a 
13 fired or deadburned dolomite, and it com- 
prises at least the major portion of the coarse 
gram portion or fraction, i.e., of particle size 
not less than 35 mesh. The dolomite may be 
be a true dolomite or a magnesitic dolomite 
^ er a dotomitic limestone, all of which, as is 
well known, commonly exhibit hydration 
tendencies upon standing, even though 
deadburned to an otherwise very useful and 
well-sintered refractory grain. The material 
& can be employed in kiln run sizes down to 
35 mesh, that is, where the largest particles 
are about £ inch in diameter. In a preferred 
embodiment the fired dolomite is of graded 
particle sizing selected for good packing, for 
■su example, passing 3 mesh and retained on 35 
mesh. In another variation of this invention 
the coarse grain fraction of the mix, of the 
parade sizes described above, consists of a 
mixture of dolomite grains and deadburned 
n magnesite or other nonacid grains, but con- 
tains at least 60% dolomite based on the 
total weight of this coarse fraction, i.e., at 
least 30% of the mix based on the total 
weight of refractory component. In other 
40 words, up to 40% of the dolomite is substi- 
tuted for or replaced by another nonacid grain 
material, for example, magnesia, such as dead- 
burned magnesite containing from 60 to 90% 
as on?/ ° r P eric . lasc S 1 *"" containing more than 
45 90% magnesium oxide, or both, if desired, 
in one very useful embodiment, the coarse 
traction contains from 60% to 90% dolomite 
nassmjr 10 mesh and retained on 35 -mesh and 
from 10% to 40% of such other nonacid 
w sram material retained on 10 mesh. Further- 
more, in a preferred variation to increase 
nydration-resistance still further, the other 
nonacid gram material, preferably magnesia 
grains, comprises the coarsest portion of the 
» mix and is employed in grain sizes of not less 
than 10 mesh or preferablv in sizes passing 
4 mesh and retained on 10 mesh and the 
dolomite is then used in particle sizes T>assina; 
10 mesh and retained on 35 mesh, preferably 
00 retained on 20 mesh, as the remainder of the 
coarse fraction or portion. The ^corporation 
cf a minor amount of other nonacid grain, 
such as magnesia, in the coarse fraction is 
advantageous because, especially in the event 
05 that a weak dolomite grain is employed, the 



other coarser grain, such as magnesia, sustains 
the mam stress of the forming pressures when 
the refractory batch is placed in the lining or 
shaped onto blocks, bricks, etc., either by 
forming in a brick press or by jackhammer- 70 
mg, ramming, or other forming means. In the 
•application of such pressures, weak grains will 
tend to undergo some amount of breakdown 
or disintegration, and the incorporation of 
other coarse grains as defined, these grains 75 
Having greater compressive strengths and 
greater hydration resistance, prevents such 
breakdown in the weaker dolomite because 
the latter is largely "sheltered" within the 
mterstices of the coarser magnesia or other 80 
grain framework. It is to be understood that 
m the operations of mixing and forming 
some small accidental amount of finer-sized 
dolomite may be worn off the larger grains 
or may be present due to normal inefficiencies 85 
J?,^ 0 " screening practice, but essen- 
tially all the dolomite is retained on 35 mesh 
In some operations and for some furnace 
hmngs other nonacid, hydration - resistant 
coarse grains can be employed with the coarse 90 
dolomite grains instead of, and in the same 
amounts and manner as described for, the 
coarse magnesia grains above mentioned, 
lnus, there can be employed in the fraction 
retained on 35 mesh such minor amounts of 95 
grains ^ of higher compressive strengths, of 
cnromite, alumina, spinels including mag- 
nesium aluminate, magnesium chromite, mag- 
nesium ferrite or other spinels, or any desired 
admixture of such coarse grains, if desired in 100 
admixture with the coarse magnesia, also, 
flowever, for use in converters wherein steel 
is refined or produced by blowing with ox v - 
gen-ennched gas, it is preferred to employ 
the magnesia-dolomite coarse fraction cr por- 105 
tion desecribed above because, for instance, 
pick-up of chromium from chromite grains 
would not be desired. The coarse maSiesia 
grains useful herein are of any desired com- 
position For instance, these magnesia grains 110 
can be of the same mineral or chemical com- 
position as described below for the finer 
magnesia component, but alternatively the 
coarser magnesia grains can be of a com- 
position differing from that of the finely 115 
divided magnesia component. The coarse 
magnesia grains are deadburned. 

The finely divided portion of the refractory 
batch consists of magnesia of particle size 
passing 35 mesh Preferably, a substantial 120 
portion of this finer fraction, e.g., at least 
30 thereof, passes 100 mesh. The batch 
contains from 15% to 50% of the finely 
divided magnesia, preferably deadburned, 
based on the total weight of refractory cr 125 
mineral components. In order to impart 
highest nydration-resistance and effect excel- 
lent storage life to the refractory products 
of this invention, the finely divided magnesia 
is hydration-resistant under conditions of 130 
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use, and substantially all CaO present as 
purity in such magnesia « stabitoed 
against hydration by being combined wrii 
other impurities present to form compounds 
5 which do not readily hydrate under con- 
ditions of storage and use such as calcium 
fertile, calcium silicates,, calcium magnesmm 
silicate, etc. The magnesia ^ preferably dead- 
burned to insure such stabihzanon of the 
10 lime content and formation of the hydranon- 
resistant calcium compounds. There is for 
best hydration resistance substantially no un- 
combined or free lime or CaO present m the 
finely divided magnesia. The starting mag- 
15 nesium compound which is deadburned to 
form the bonding magnesia normally con- 
tains, in addition to CaO impurity, other 
impurities which will react with the lime, 
CaO, to form the stabilized compounds. 
20 However, if necessary, sufficient sakca or iron 
SdTSm be added before su<* d^dburmng 
in order to react completely with the CaO 
to form the stabilized compound. Preferably, 
the finely divided magnesia contains at least 
25 85% magnesium oxide; and for the best pro- 
perties in the final product, ^JnAytongd 
magnesia contains at least 90% MgO. Pre- 
ferably, the fine magnesia contains not oyer 
4% cakium, calculated as CaO. With high 
30 MgO content in the finer or bond portion, 
the refractory products exhibit greater resis- 
tance to chemical attack, e.g., by steel-making 

Sli The cokable carbonaceous bonding material 
35 cr agent is added in small amount, preferably 
from 4% to 10%, by weight, based on the 
total weight of the refractory components; 
e g., with 100 total parts by weight of a mix- 
ture of coarser dolomite component and finer 
40 magnesia component, are admixed from 4 
parts to 10 parts by weight of cokable, car- 
bonaceous bonding material. Such carbona- 
ceous material is suitably coal tar, pitch, tar, 
asphalt, gilsonite or the like. In a preferred 
45 operation, it is advantageous to incorporate 
in the cokable material a small amount, up 
to 3%, of a surface active agent 'having a 
tar-soluble hydrocarbon group containing at 
:'cast six carbon atoms, and a polar group, 
50 such as a carboxylic acid or soap of a carb- 
cxylic acid, such as a fatty acid, a long chain 
aliphatic amine or amide, or a sulfonated or 
sulfated aliphatic compound containing at 
least six carbon atoms. It is preferred to use 
55 a high fixed carbon, hard, or high softcmng 
point, tar, for instance, a tar having a soften- 
ing point of at least 50° C, and having a low 
moisture content, preferably not over about 
01% moisture content. Coal tar is an excel- 
60 Wt carbonaceous bonding material for use m 
the present invention. Preferably, the car- 
bonaceous bonding material is in liquid f orm 
or is heated to liquefaction prior to admixture 
with the refractory components. 
65 In making up a refractory batch according 



to the present invention, the mineral portion, 
that is, the coarse and the fine fractions are 
intimately intermixed and arc thoroughly 
intermixed with the carbonaceous bonding 
material. In a preferred embodiment, the 70 
coarse grain fraction of dolomite or a mixture 
of dolomite and magnesia or other nonacid 
grains of the amounts and grain sizes de- 
scribed hereinabove is admixed with the car- 
bonaceous bonding agent and this admixture 75 
is then mixed with the finely divided mag- 
nesia component as described above. In a 
preferred mode of carrying put this inven- 
tion, the carbonaceous bonding material is 
heated to a temperature at which at is in 8U 
liquid, or flowable, state, and the refractory 
material is heated to about the same tem- 
perature; and the two materials are then 
admixed in such heated state, preferably m 
the sequence of steps described above, »3 
although other sequential steps can be prac- 
ticed, if desired. Suitably, both materials are 
heated to a temperature of from 10U t-. to 
125° C especially when coal tar is employed ^ 
as bonding material. 

The admixed batch can then be applied as 
patching material in a furnace lining, or 
formed into a furnace lining by any desired 
method, many such methods being well 
known to the art. The batch can alternatively 95 
be formed in bricks, blocks, or other shaped 
articles. The forming of shapes can be earned 
out in any commercial or industrial bncK 
press as known to the art, and where hign • 
forming pressures are employed, the incor- aw 
poration of up to 40% of the coarse fraction 
of coarse magnesia grains, as above described, 
is especially advantageous in avoiding changes 
of granulometry by the pressing operation 
However, to avoid cracking of the do ornate 105 
grains, especially when a weaker dolomite 
(that is, of relatively low compressive 
strength) is used, it is especially advantageous 
to form shaped articles in a vibratory press 
whereby there are employed forming pres- it" 
sures of not over 3000 lbs., preferably not 
over 1000 lbs., per square inch. In one advan- 
tageous mode of operation, the refractory 
batch is filled into the mold, vibration i alone 
is applied until the mold is filled and then U5 
low pressure is applied to the mass m the 
mold and gradually increased, while still 
vibrating, up to the top pressure which it is 
desired to apply, e.g., up to 3000 p.si, or 
preferably up to 1000 p.s.i. Vibration can be W 
carried out by applying vibrators, as desired, 
laterally to the mold for the furnace lining 
section, e.g., a bottom section, or for the 
brick or block. Alternatively, vibrators, as 
desired, can be applied to the top or the 125 
bottom W the bricks. Vibration is then applied 
in the known way. In forming a Jurnace 
lining, in one embodiment, the refractory 
batch is placed in the desired c location and 
dien tamped in with the aid of a jack ham- 130 
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mer, and in this mode of operation it as pre- 

iiSf ^SP"? fraction contai * 

from 10% to 40% thereof of coarse magnesia 

grains as described above. The tricks or 
* blocks are suitable for storing or shipping and 
can be burned in after installation in a fur- 
nace. In firing, it is suitable to heat at such 
a rate that coke forms rapidly, but at such 
in ? tC tnat v th 5 TOP^s being evolved do not 
10 disrupt the face of the brick or lining mass, 
these heating precautions being known to 
trie art. 

T } 2 i f n * dvanta se of the present invention 
tnat dolomite-containing furnace linings are 
produced which have greatly improved hydra- 
tion resistance; and the refractory product 
made according to this invention can be 
stored or held, before installation in the fur- 
nace lining, for greatly increased periods of 
time, thus enabling, for example, the produc- 
tion of the refractory mass at an economi- 
cally advantageous factory site with subse- 
quent shipment to the place of use. In 
25 ^P 1 ?™*** dolomite and magnesia as 
described herein, it is an advantage that the 
product exhibits greatly increased spallinjr 
resistance over that of an all-magnesia batch! 
and exhibits increased refractoriness as com- 
pared with an aU-dolomite mix, so that the 
furnace lining is useful for operating at very 
high temperatures, e.g., in electric furnaces. 
It as an advantage of this invention that 
refractory masses made according to the in- 
yention exhibit very little swelling or crack- 
ing or gain in weight, from either hydration 
or carbonation, after prolonged storage times, 
the gam in weight generally being less than 
0.5 /o even after a storage time of thirty days 
40 i ? a *? ^ er advanta S<= that after firing and 
coking of the binder the refractory products 
made according to this invention exhibit 
excellent strength, spalling resistance, and 
resistance to hydration, carbonation, swelling 
cracking and gain in weight. 
- J It is a further advantage of a refractory 
mass containing deadburned dolomite as 
coarse gram material and finely divided mag- 
nesia as bonding ingredient or agent, as 
shown above, that peeling or flaking of the 
product upon firing is prevented or mini- 
mized. For example, upon heating in a fur- 
nace a bnck made according to the present 
invention, there is substantially n o excessive 
55 f rQ r subsequent peeling off of the 

hot. face of the brick upon heating or fiW 
and then cooling. This is an contrast to the 
behavior of an all-magnesia brick, c.g., 
whereof the hot face peels off upon repeated 

60 ^ ingS ^- m plaC ^ ^ growth especi- 

60 a Hy adjacent the hot face and this zone peels 
ctt rather readily upon subsequent cooling. 



The accompanying drawing shows in 
grapnic form one advantageous result of the 
practice of this invention wherein present 
gain in weight as plotted against storage life 65 
in days. In the series of tests which provided 
the results grahpically shown on the Figure, 
curve A was determined by preparing a mix 
consisting of 70% of a batch of deadburned 
dolomite of gram sizes selected to pass 4 70 
niesh and be retained on 20 mesh, 30% of 

and 6.75% coal tar calculated on the total 

#35, ° f *° lom ^ heati *S the coal tar to 
fluidity and heating the dolomite material to 75 
the same temperature, admixing while heated 
ana then forming into shapes under a nres- 
sure of 8000 lbs. per sq. £ The bric£ ; of 
Test A were then held in an open room 
under normal atmospheric conditions; and 80 
the gam m weight was determined each day 
rrLES ^ of three days, the bricks were 
cracKed and dismtegratmg, that is, they could 
be broken apart by hand and were unfit for 
use as components of a furnace lining. To 85 
determine curve B, another mix of dead- 
burned dolomite and tar was made up in 
exactly the same way, and bricks were pre- 
pared therefrom by forming in a brick mold 
toy vibration while applying a pressure of 375 on 
lbs. per sq. on. The bricks of test B were then 
stored under the same conditions as those of 
test A, and the results are shown in curve B, 
the bncks being likewise unfit for use at the 
end of 13 days. The bricks of test C were 95 
made up by mixing 70% of deadburned 
dolomite passing 4 mesh and retained on 20 
mesh, and 30% of deadburned magnesite 
passing 100 mesh, and 6.75% tar, and ad- 
mixing in the same manner as fin test A. The 100 
bncks are formed by vibration under low 
pressure as described for test B, and stored 
as described for test A, At the end of 40 days' 
storage, the bricks are still in good and usable 
conation and have gained only about 0.2% 105 
in weight. 

The following examples will demonstrate 
various modes of carrying out the present 
invention. ^ 



Example 1 110 
A lining for a Bessemer converter, to be 
used in producing steel by the method includ- 
ing top-blowing with a stream of oxygen gas, 
is made ofbricks prepared in the following 
manner. There is prepared an amount of 115 
deadburned dolomite of the following com- 
?^ 10n * the tented basis: 1.3% SiO., 
5.2% R s O, (Fe 2 0 3 and A1 2 0 3 ), 57.0% CaO, 
0.4% ignition loss, 36.1% MgO, by differ- 
ence. The dolomite is screened to the follow- 120 
ting particle size composition: 
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% by Weight 

of Total 
Mineral Batch 


3 mesh 3 


retained on 4 mesh 


10.65 


4 „ 




59 ° 


99 


10.65 


6 „ 


55 


,9 8 


99 


10.72 


8 „ 


55 


„ io 


5> 


10. 60 


10 „ 


95 


99 14 


99 


5.35 


14 „ 


3? 


„20 


99 


3.16 


20 „ 


55 


„35 


>5 


8.52 


35 „ 


59 


99 65 


95 


5.35 






Total 


65.00% 



With this is admixed 35% by weignt of the 
total mineral batch of pewclase passing 100 
mesh and of the following composition 
L0% CaO, 2.5% SiO a , 0.9% CfcA, 0.4% 
Fe 2 O s , 0.2% A1 2 0„ 0.8% ignition loss, 94.2% 
MeO (by difference). , , . 

An amount of coal tar is employed or the 
following typical characteristics: * o£ ™S 
point (cube in water) 137°F.; bitumen soluble 
in carbon disulfide, 83.76%; specific gravity, 
25°C./25°C 1.253; cokmg value (Conrad- 
son method), 36.5; benzol insoluble, 161 A, 
free carbon, 2.28%; disuuauon: 0—170 C, 
0%; 0-200° C 0%; 0-270° % , 0%; 0- 
300° C, 1-2%; 0-355° C, 17.0%. . 

The tar is heated in a kettle to the flowing 
point, eg., about 110° C. The mineral carn- 
ponem-s are placed in an oven and are also 
heated to about the same temperanire. Then 
the liquefied coal tar is mixed with the 
dolomite grains .in an amount to provide 
675% tar calculated on the total mineral 
component. That is, if a batch contains 6d 
parts by weight dolomite and 35 parts ^by 
weight magnesite, there will be added 6.75 
parts by weight of the tar. . 

The dolomite and tar are thoroughly inter- 
mixed while maintaining the temperature at 
30 about 110° C. After this mixing is effected, 



10 



15 



20 



25 



the periclase portion, also heated to the 
stated temperature, is added iir the mixer 
and the whole thoroughly blended. , 

The blended batch is now formed into 
bricks by pressing under 8,000 to ^10,000 
p.si. while maintaining the die of the Cna 
press at about the same temperature as above, 
Lc, about 110° C. Bricks so made have 
excellent density and exhibited a storage hfe 
of from 2 to 3 times the storage hfe of bncfcs 
made in the same way except mat die fin. 
mineral portion, i.e., that passing 100 mesh, 
consisted of dolomite. 

Example 2 . 
Another set of bricks is made up m exaedy 
the same manner as in Example 1, except 
that instead of pressing, the bricks are 
formed under 375 p.si- pressure and are 
compacted by vibration at a frequency of 
3600/min. Bricks made according to this 
example exhibit an average storage hie J- 
to 5 rimes that of bricks made and pressed 
according to Example 1. 

Example 3 . 
A refractory batch is prepared by adrnuung 
periclase of the foUowing 5.7 /& 
SiO,, 0.7% Fe^O*, 0.3% MA, 1.2% 
92.1% MgO (by difference), m the following 
particle sizes and amounts: 

, of Total 
Mineral 
Component 



35 



40 



45 



50 



55 



% 



Passing 


4 mesh, retained on 


6 mesh 


10 


55 


6 » 93 « 


8 ,9 


5 


55 


8 ,J 99 99 


10 „ 


5 






Total 


20% 
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;^ a S d S;^ * C ~ °° inp0Siti0n aS in Exa ^ le 1. - lowing 



10 



15 



20 



25 



30 



35 



40 



45 



Passing 10, retained on 14 mesh 
« 14 » « 20 „ 

a » 35 



% of Total 
Mineral 
Component 



20 



23 
27 
13 



Total 



63% 



50 



The above grains are heated to about 125° 
C. and are mixed with coal tar as used in 
SSS?* to the same temperature 

and then there as added in the 
iJ% of the same peridase ground to 
pass 100 mesh and heated to the same tem- 
perature. 

This batch tis then formed into bricks by 
pressing as in Example 1. The storage life 
of these bncks is 3 to 4 times the storage 
lite ot brick made in the same way except 
that the fines portion is of dolomite instead 
of penclase. 

Bricks made according to Example 1 above 
were tested for erosion resistance in a small 
test converter under conditions simulating the 
operation of an oxygen-top-blcwn steel con- 
verter. The test furnace was lined with the 
bricks to be tested, employing a portion of 
the same refractory batch as mortar in the 
joints between bricks, and the furnace was 
fired up at such rate as to coke the binder 
rapidly while simultaneously avoiding disrup- 
tion of the brick surfaces by too rapid evolu- 
tion of the vapors. Suitably, the furnace is 
heated at a rate of 400° C. per hour. The 
ruroace is then charged with pig iron and 
scrap steel; lime is added to fori a slag; and 
the metal is melted. The molten, slag-covered 
mass of metal is blown with oxygen -intro- 
duced through a vertical tube suspended over 
the melt and terminating a few inches above 
the normal slag surface. After the blow is 
completed, as observed by the shortening of 
the flame, the flow of oxygen is stopped and 
the metal and slag contents are tapped off. 
The minimal thickness of the brick at the 
slag line is measured after several such blow- 
ing cycles. The brick exhibit an average loss 
in thickness of from 12.5 to 16% as com- 
pared with such average ioss of 25 to 29% 
observed in similar tests with brick made in 
the same manner except that they are com- 
posed enurely of dolomite and contain no 
magnesia. 

In a typical series of tests demonstrating 
the superior erosion-resistance of refractories 
made according to this invention, batches are 
made up as follows: Eacji^batch contains 



70 jo of a coarse fraction of grain sizes pass- 
ing^ and retained on 35 mesh and 30% of 
a fine fraction passing through 35" mesn, 
(including 16.7% passing 100 mesh. Each 
batch also contains 4.5% coal tar as a bond- 
ing agent; and each batch is made up by 
heating the tar to its flow point* heating the 
coarse and fine fractions to the same tem- 
perature, mixing the tar and coarse fraction 
and then adding thereto the fine fraction and 
thoroughly intermixing. The batches are then 
termed, respectively, onto 9" x 4£" x 3" 
bricks. Bricks of each batch are placed in the 
lining of the small converter described above, 
and the converter or furnace is preheated to 
about 1800° F. The charge of iron, scrap and 
slag-former described above is charged in and 
oxygen is introduced, the converter being 
slowly rotated throughout the test to equalize 
conditions of attack on all test pieces. After 
the blow is ended, the charge is tapped off 
and a fresh charge added, and this is con- 
tinued for the number of cycles shown in the 
Table below, after the last one of which the 
furnace is allowed to cool and erosion loss is 
determined by measuring the percentage of 
thickness which has been cut away at the 
point of deepest attack, the original thickness 
having been three inches. As stated, the 
batches were all made up by the above pro- 
cedural steps, except that the refractory 
materials differed. In b atch I , both coarse 
a nd fine fractions consist of deadfrmrne d 
dolomite, -or the following analysis : 1.23% 
Si0 2 , 4.69% Fe £ 0„ 0.41% ALO- (by differ- 
ence), 53 ,4 5% CaO and 4022% MgO (by 
difference); in bath II , both fractio ns are 
magnesite contain-in;- " ** ' ' 
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, ~ L . -822LMg£>, the remain- 

der being principally the usual impurities, 
lime, alumina, iron oxide and silica; in batch 
IS, the c oarse fractio n consists of dcadburned 
dolomite as in batch I and the fine fraction . 
o f deadburned magnesit e of the following 
analysis: 1.3% SiO,, 5.0% Fe 2 O n , 0.2% 
ALA, 4.0% CaO and 89.5% MgO (by dif- 
ference); in batch IV, the coarse fraction and 
the fine fraction consists of dolomite of the 
following analysis: 0.90% SiO., 6.25% 
Fe^O,, 1.31% AI,0, (by difference), 54.08% 
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CaO and 37.46% MgO (by difference); in 
batch V, the coarse fraction consists # of 
dolomite as in batch I, and the fine fraction, 
of periclase of the following analysis : SJ% 
Siot 0.7% FeX> 3 , 03% Al 2 O s , 1.2% CaO 



and g ? f l°/~ M^O (by difference). The Table 
below shows the weight percent loss toy ero- 
sion and the number of melts or cycles per 
test. 



Table 



Batch 



% Loss, 



Slag Former 
Added in 
Converter 



No. Melts 



I 


29 


CaC0 3 


4 


rr 


25 


CaC0 3 


4 


in 


17 


CaC0 3 


4 


IV 


45.8 


Fluorspar 


3 


V 


12.5 


Fluorspar 


3 



It can be seen that batches III and V, which 
are made according to the present invention, 
are superior in erosion resistance compared 
with all fired dolomite or all magnesia mixes. 
Bricks made according to this invention 
exhibit, therefore, greatly increased erosion 
resistance, and they also are of very good 
densities. The all magnesite bricks made as 
described in test II exhibit peeling at the 
hot face. That is, after firing and then cool- 
ing, the brick material up to about one-half 
inch back from the hot face surface tends to 
separate as a layer from the remainder of the 
brick and can be easily pulled or peeled off. 
The rather large loss in weight of this batch 
as shown dn the above Table lis due in part 
to such peeling. This tendency is overcome or 
greatly minimized by forming the brick of 
coarse dolomite grains and finely divided 
magnesia or magnesite. Also, chemical or slag 
attack is gready reduced due to the incor- 
poration of the magnesia fines according to 
the invention, whereas an all-dolomite brick 
is severely chemically attacked as indicated 
by the results with batch I, for example. 

It has been found, also, in a series of com- 
parative tests that refractories made accord- 
ing to the present invention exhibit a spalhng 
resistance which is about six times better 
than that of brick made in the same manner 
except that the latter contain only magnesia 
in the coarse and fine fractions; and that the 
spalling resistance of the bricks made accord- 
ing to this invention is at least as good as 
that of brick which have otherwise been made 
by the same method except that both the 
coarse fraction and the fine fraction consist 
of dolomite. It has further been found that 
the addition of a small amount, up to about 
50 3%, of a surface active agent, or a wetting 
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25 



30 



35 



40 



45 



ag'ent, substantially improves the density of 



refractories made according to the invention 
and also appreciably further improves the 
storage life thereof. A suitable surface active 
agent is a polar compound having a tar- 
soluble group and a polar group. For example, 
a long chain fatty acid, such as stearic acid, 
is useful, but other surface active agents can 
be advantageously employed. 

Other cokable carbonaceous banders, wnicn 
are likewise nonaqueous, can be used in the 
invention, as previously described. When 
forming shapes according to this mvenuon 
by filling into a mold or molding zone while 
vibrating said mold and applying low pres- 
sures of up to not over 3000 p.s.L, prefer- 
ably up to not over 1000 p.s.i.> it lis preferred 
to heat the carbonaceous bonding agent de- 
scribed to Uquefaction, to facilitate thorough 
mixing and good tailoring of the product. 
When coarser magnesia grains are also (incor- 
porated, lower amounts of such carbonaceous 
binders are useful within the ranges of 
amounts shown herein. . 

It is preferred to employ, as fine material, 
magnesia or magnesite containing at least 
about 90% MgO, Fox best hydration resis- 
tance and suitable storage life, if the mag- 
nesia contains lime impurity— and commer- 
cial magnesia or deadburncd magnesite do 
generally contain such lime— the magnesia 
will have been so thoroughly fired that the 
dime will have entered into combination with 
other normal impunities, such as sihea, alu- 
rnina and iron oxide, to form, for example, 
Ca silicate or Ca ferrite or other substantially 
nonhydrating Ca compound. The term mag- 
nesia" or "magnesite" is intended to mean 
the material consisting predommantly at 
magnesium oxide and preferably subscanually 
free of uncombined lime as described above, 
when such term is used to describe the finely 
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divided magnesia bonding material It is to 
be noted that* in that the coarse fraction is 
composed of fired dolcmite grains or a mix- 
ture of fired dolomite grains and other non- 

5 acid grains as described herein, and the finely 
divided fraction is composed of magnesia or 
rnagnesite, which , is of a different mineral 
character than the dolomite of the coarse 
fraction, a great advantage is obtained by 

10 this invention because the tendency of the 
fired product made therefrom to peel upon 
cooling is minimized or eliminated. This par- 
ticular advantage has been found to be 
obtained even though a small amount of 

15 uncombined lime may be present in the fines 
portion and the hydration resistance may not 
be the maximum obtainable by substantial 
elimination of free lime from such magnesiai 
fines. 

20 Amounts and percentages referred to in the 
specification and claims are by weight unless 
otherwise indicated. Mesh sizes referred to 
herein are Tyler standard screen sizes, which 
are defined in Chemical Engineers' Hand- 

25 book, John H. Perry, Editor-in-Chief, Second 
Edition, 1941, published by McGraw Hill 
Book Company, at page 1719. For conveni- 
ence, the fired dolomite component is some- 
times referred to herein merely as ''dolomite", 

30 and this term is to be understood to refer to 
dolcmite which has been fired and dead- 
burned, for example, by heating to 1550° C. 
to 1800° C. until deadburned, unless other- 
wise indicated. As -shown herein, the fired 

35 dolomite is substantially entirely (at least 
90%) retained on 35 mesh. Where mineral 
components are referred to, the term is to be 
understood to include the metal oxides or 
compounds and to exclude the carbonaceous 

40 bonding agent. In the specification and claims, 
analyses where given are reported in the usual 
manner, expressed as simple oxides, although 
the components may actually be present in 
combination with each other. 

45 WHAT WE CLAIM IS:— 

1. A furnace for operation at high tem- 
peratures, which comprises a metal shell 
having disposed therein a basic refractory 
lining consisting essentially of an intimate 

50 mixture of a major portion of non-acid grains 
of particle sizes retained on 35 mesh, at least 
a major part of the non-acid portion being 
fired dolomite grains, and a minor portion of 
magnesia passing 35 mesh, and a small amount 

55 of a non-aqueous, cokable, carbonaceous bond- 
ing agent. 

2. A^ furnace as claimed in claim 1, in 
which the bonding agent is tar. 

3. A furnace as claimed in claim 2, in 
60 which the tar is present in an amount cf from 

4% to 10% of the lining. 

4. A furnace as claimed in claiim 1 3 2 or 
3, in which the fired dolomite grains pass 
3 mesh. 

65 5. A furnace as claimed in claim 4 3 in 



which the lining contains fired dolomite grains 
of particle size passing 8" mesh and a major 
portion retained on 20 mesh. 

6. A furnace as claimed in any preceding 
claim 3 in which the non-acid portion of ths 70 
mixture comprises from 60% to 90% fired 
dolomite passing 10 mesh and retained on 

35 mesh and from 10% to 40% of other 
non-acid grains retained on 10 mesh. 

7. A furnace as claimed in claim 6, in 75 
which the non-acid grains are magnesia 
grains. 

8. A furnace as claiimed in any preceding 
claim, in which a substantial portion of the 
magnesia is of particle size passing 100 mesh. 80 

9. A furnace as claimed in any preceding 
claim, in which the magnesia is present tin 
an amount of from 15% tx> 50% based upon 
the total mineral components of the mixture. 

10. A furnace as claimed in any preceding 85 
claim, in which the finely-divided magnesia 

is substantially free of uncombined CaO. 

11. A furnace as claimed in any ipreceding 
claim, in which the metal shell comprises 
steel. 90 

12. A furnace as claimed in claim 1, sub- 
stantially as hereinbefore described. 

13. A method of making a refractory pro- 
duct, which comprises preparing a refractory 
batch composed of a major portion of non- 95 
acid grains of particle size not less than 35 
mesh, at least a major part of the non-acid 
portion being fired dolomite grains, and a 
minor portion of magnesia particles passing 

35 mesh and having a substantial portion 100 
passing 100 mesh, heating the batch to a tem- 
perature of from 100° C. to 125° G, heating 
tar to such temperature and adrnixing with 
the refractory batch from 4% to 10% of the 
hot tar to form an intimate and uniform 105 
mixture. 

14. A method as claimed in claim 13, in 
which the non-acid portion of the refractory 
batch comprises from 60% to 90% fired 
dolomite passing 10 mesh and retained on 35 110 
mesh and from 10% to 40% of ether non- 
acid grains retained on 10 mesh. 

15. A method as claimed in clmcri 14, in 
which the coarse grains are mixed with the 

hot tar to form a uniform admixture and the 115 
magnesia grains are then mixed therewith. 

16. A method as claimed in claim 13, 14 
or 15 a in which the magnesia particles are 
substantially free of uncombined CaO. 

17. A method as claimed in any cf claims 120 
13 to 16 3 for making a shaped refractory 
product, which comprises feeding the mixture 
into a mould while vibrating until the mould 

is filled, then applying low pressure to the 
refractory material in the mould, and increas- 125 
ing the pressure up to not over 3000 p.s.i. 
while vibrating to form the desired shaped 
refractory product. 

18. A method of making a dense refrac- 
tory shaped product, which comprises pre- 130 
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paring a refractory batch composed of a major 
portion of coarse fired dodamite grains and a 
minor portion of finely-divided fired dolo- 
mite, heating the batch to from 120° C. to 
220° C, heating a cokable, carbonaceous 
.bonding agent to such temperature and ad- 
mixing with the refractory batch from 4 to 
10% of the bonding agent to form an inti- 
mate and uniform mixture, forming into 
shape while vibrating and applying a low 
pressure insufficient alone to form a dense 
shape 

19. " A method as claimed in claim 18, in 
which the pressure is not over 3000 p.si. 

20. A method as claimed in claim 19, in 
which the pressure is not over 1000 p.si- # 

21. A method as claimed in claim 20, an 
which the pressure is not over 60 p.si. 

22. A method as claimed in any of claims 
13 to 21, in which there is incorporated in 
the batch up to 3% based on the weight of 
the batch of a surface active agent such as 
stearic acid. 

23. A refractory product, when made by 
a method as claimed tin any of the preceding 
claims 13 to 22. . . 

24. An unfired refractory batch, consisting 
essentially of an intimate admixture of a 
major portion of fired dolomite grains or a 
mixture of fired dolomite grains land other 
non-acid grains of particles size not less than 
35 mesh and a minor portion of magnesia of 
particle size passing 35 mesh, and a small 



of cokable carbonaceous bonding 



amount 

agent. _ A . 

25. A batch as claimed in claim 24, in 
which a substantial portion of the fine frac- 
tion passes 100 mesh. 

26. A batch as claimed in claim 24 or 25, 
an winch up to 3% of a surface active agent 
is present. . 

27. A batch as claimed in claim Zo, in 
which the surface active agent is stearic acid. 

28. A batch as claimed in any of claims 
24 to 27, in which the finely-divided magnesia 
particles are substantially free of uncombined 

CaO. „ . - , . 

29. A batch a* claimed in any of claims 
24 to 28, in which the banding agent is tar. 

30. A batch as dlaimed in any of claims 
24 to 29, in which die finely-divided mag- 
nesia contains not over 4% calcium, calcu- 
lated as CaO. . 

31. An unfired refractory batch as claimed 
in claim 24, as described with reference to 
the foregoing Examples. 

32. An unfired shaped refractory, consist- 
ing essentially of an unfired refractory batch 
as claimed in any of the preceding claims 24 
to 31. 

POLLAK, MERCER & TENCH, 
Chartered Patent Agents, 

Audrey House, 
Ely Place, London, E.C.1, 
Agents for the Applicants. 
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